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Saxe Dbservations and Theory on tae Yarlation of Visual lZoulty
with the Orientation of the Tmet Object™
Esrschel Leibowits
Indversity of Wisconsia, Hedleon, Wisceusin

The superiority of vieual aculty obtained with a grating test
ocvject orlented verticallsy or horisoulally sver values cbtained with

ohligue erientstions i Jderamsiwsisd or verious cosvinstionz of

pupll dismater =ni retinal illwdnance level, iuls svpe-lorily,
which has an averase value of 7% of the mean threshold angle of re~
selution for all ~ewidiane, inerozses wilh puwpll diaveter bui is nos
alfgetes syrtewbically by 1lwdnence level,

The dats ar- ddseussed wish referenve i the assupiicns thet
soridionsl 4i{f¢ e in a0uity are & resull of Uoptric or of
retirsl factors. The s@sbealic affect of nupil diawmeter points wo
vhe digoiric orlgis of some of the ohesarwved meridicrsl Ziffereneas,
The influente of retinal or vost-rotizal factors za well 1z suroceled
by bhe persistence of tw eifect at & ndgh Mlunminance level ang with
large pupil zisreters, a condlition where a slighl decrease iz retdnal

L wadhiv s Mt boyvees e b ' o 2
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bole showi met o lover acwidy.
INTROLUCTION
Differences in visoal aculty 23 & funetion of the angle of orien-
tatlen of the tset olject have previously been reported fer -rating

acuity,l's landield C,ﬁ’ and vernier acuitfy«.‘ The present peper presoats
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additional ~dience of there meridionsl differences in ord.. tot
{(a) determine the effect of the variables of pupil diameter and lusde-
nance level on the magnitvde of tne sffact with a srating, and (b)
invessigave Lhe orizin of the phenomsnon,
TIE EFFYCT OF PUPYIL DIAMETER AND LUMINALNCE LEVEL

in 8 pravious experd.mnt,s the effect of artificial pupil dismetor
oz avating aculty wae devermiaed at various levels of retinal Q-
Lwainance. In order to determine liminance values of the acvity tes’
field which would zive the same retlnal illumdnences for the various
artificial pupils employed, the acuity test {ield, as viewed through
sach artificial pupil, was matched with e reference field of fixed
luninance viewsd Ly the other eye throurh a 2,0 & pupil, Tisusl
acuily for a gratin: was then determined as a fNmstion of pusil size
at five levels of retinal illuninance and fer 2 fixed chservation
distance. The obesuarved variaticns in acuity as a funutdon of papili
gize were ssswmed to reflect only the combined effects of aberrations
ard Uifraction on acuity,

In the eri;iral study, fowr orieniations of the grating test
objest were apployed [ixoritont.al (31), verticai (V), 45° clockwise
from vertical (R), and L5° counterelockwise from vertical (L)J and
the average of the walues obtained in all four positione were pre-
sented. Thece date have now been anaiysed to isolate the effect of

orientation and are presented in Table I as the threshold angle of
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resolution in seconds of arc, GEach value ig the mean of 6 determina-
tions for subjest L ani of 12 for subject S."

The reeults show meridional differences up t¢ 17.L secands of arc
and up 0 26.9% of the average anzle of resciution, Comparison be-
tween valugs for the H snd V positions reveals no siznificant trends,
and this is aisc true for the R and L posiiicns., Yowever, if the &
and ¥V daia are aversrod and compared with the average of the A and L
positions, the superiority of FV over 2L is marked, This siparisrity
occurs without axception for all conditions of obsarvaiion, and has
an avera-e value cf approximately 75 of the averase angle of resolution.

The avera;sd IV and RL data are presentec gzraphically in Pig, 1
&8 log visual agulty ve. lou pupil diametsr., The shapes of the curwves
do not differ fiom tlose for the combined data for all four mcridim.’n'
The elfect of orientation 8 to shiit these funciions iw higher acuvity

& - -
v,

values {or the horigontal and vertical arient

n
§
&

values [or the obldifgue orientations,

Since these deta are presented on & logaritimic plot, the separa-
ticn between ihe IV and the RL curves is a measure of the percentage
HY « RL supericerity. This superiority increisas with nmm$l dlamsiss
at all juminance levele. The effect of luminance level, determined
by coxparing the HV superlority over RL for & jiven pupil dismeter,

gtoue no consistont trends,



DISCUSSICN

The results of the present study may be used to evaiuate two of
the explanations which have been offerea for the rimiweenon under
discussion. These sxplanations attribute meridional differenves either
to dloptric or to retinal factors, (4 third hypothesis based on in=
yoluntary eye movezsnts’ has been shown to be unsenabls.i)

If dieptric factors are influential in prodweiny the observed
meridional differences in resolving power, it would be axpscted that
any experizental condition which increases tho affectivensss nf the
dioptric aberrations would also accentuate these differeaces, Since
the effectiveasss nf the aberrations inecreases ac ihic pupll is made
l.a.rger,s the tendency shown hwre for meridional differemces to in-
sreage Jor a crating under these same conditions pointe 4~ the imvor-
tance of the image loxwin: propertles of the eye in producin: the
phenomenon under discussion,

The second . ypothesis 1# that the density of the retinel clements
(edther sratordeally or functionally) is not uniform,and that the ob-

seTved variaiions in acuity are a2 result of sicrilar variations in ihe

procedure deseribed by Shlser.> lie has ressoned that under conditions
of large pupil diameter and hich retinal illuminance such that seuity
is not improved by increasing the valus of either twbort, resolving
pover ngy be limited by cither (a) the ability of ths reMna to dis-
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criminate differcances in intensity batween the maxim and minima of the

retinel image of a grating, or (b) the size of the retinal elsmeuis,
(The mpximm inisnsity differcnce betwoon adjscent retinal eloments
will cccur whaen adjacent maxisa and minima are centered on adjascent
recaptors. If the image of ths rating wore made liner than thdae,
each siement would be covered by & frection of the image of the 1light
axd dark stripes,) If the latter factor were iimiting a small decreoese
i» the intensity difference between the mexima ani minima without
shanging ... ...lodieity should preduce mo change in acuity.d

Such & condition was realized by substituting a special srating
in whieh she width of iLhe opague bars is only one-fourth the distance
between the centers of adjacent bars (desiznated as the 1/L grating)
in place of the convantional grating in whieh the opeque bar:s are cae-
hali the distance between adjacent bars (desigmated as 1/2), £ third
grating with bars one-half the width of these in the 1/% gratin: vas
also wéed and is designated as 1/8., These iiree sratings ware used at
vhe highest luminancs levels ir a sinzle session for suvject L and in
tus sseaions {or subject S, The data representing the averege of four
iv for subjeet L and eight for

and Pige 2, ({(For all gratings, ithe

tiyeshold angle of resolutiv: wes cospuied on the bamis of one<half
the visual angle subtended by the ceaters of adjacent opaque bars.)

The Gata show that a decroase in the width of the bars as proe
duoed by the 1/h grating dees not reduce acuity for i lergest pwpil
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diameters u®ed, This is taken to indicate that the fineness of the
retinal mosalc and not the avility of the relina %o discriminate the
Jifference cetueen adjacent maxima and minime .¢ limiting acuity

.

under these oondiuom.‘ : This coaclarion ia sunportsd by ths arsyee-
nent betwesn Liistolsioal measuremente of cone sise and the ecusily
velueg cbtai;.vé.';in

Under conditions whers a small reduciion in retinal image contraat
does not affect acnity, it would be expected that slight wwristions
in the imege forming properties of the eye, such as hzve been suzgested
o account for meridionsl differences in acuily, would be inefiecciive,
Thus, {or the larpest puoilis at the highest luminance level it would
be exvected that acuiiy would be the same in aii meridians if ths
cbserved differerces 28 a funcltion of orientation were due tw purely
dloptric factors. liowever, the deta obitained ehow thet neridicael

3:iferetcss persist under these canditione,

V3w 4o o
2D JSakd % -

dzte of Table I and elso by the wore ertensive daic obhalined &b the
hizhest luminance level and L,75 wma pupil dlamaier for eight odenis~
tions of the ;rating in Table 177, These dasa plotted in Fige 3
jemwnstrate the superlority ol the IV ower the il positieons evun under
conditions where slight varistions ia retinsl ims-e¢ centrast do mot
lower acuity. These data suzgost that meridionsl differencos orizinste
in part frem fz22tors of retinal or posteretinel origin, idditional
evidence comes from the experiment of Hamblin and dinurz who detormined
the best grating scuity for 18 equally spaced meridiens uuder cenditicns
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of optirmun relraction. Their report of the persistence of reridional
d4ferencaes undor these conditions further demcnstraied the irmportance
of none=dioptric facters in producing neridional diffeiv:vdes in acwity.
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o271, Tesk Order IZ, Letwoen Colwebia inmiversity and the 0Zfice
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T The data orizinally reported for subject & weore obiained using
iudinanee valuoa of the seulty test field whish preduow! squal reiinsl
licanance as detexsdined by lds ia e prelicdsary Vinoswlar matehino
experimsnt, ALCully dale were aiso obitalnsd usin: toe luminance values
obtainad by subjsct L, and ave ‘ncluded here since the acuity functions
were the same under ooth conditions,

.f Purther inrrease in luninancs z2bove the hizhest valuas repoited in this
study produend T change in aculty as would be predicted fye= the aculty
lwminangs funetlion which resches & limiting value betwoen 10 and 100
Hilllasherts, Haxlbamm seulty vas obtatned uwndsr these condiions for
sull diameters botween 2477 and 3.86 mmb Shlasr? roported umimm
scuity with & 2435 m: ptpll, a valus which he had predicted fra= come
putations bused on Abbe's diffraction Vwery ler alijemis af periadie

structure viewsd in transmitted light,
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S e assmptions uxierlying “hlaer's procedure do net take Infs

~on vAS

sccowmnt the pessihle sffect on asuity of s mowceants 27 posi
ic-12

retine] faciors,
Il 1t may be argued that the reduction in retinal iasge contrant by
the narvow ber sratin: ie lese than 47t provduced Ly the assmzawel
ddoptric effecie, and thed the letter factor was still effective.
‘owever, in using the /L crating, ascuily remained constant fer all
oriontations indicating that despliic thes camtdend deterisrative ol
fects of the narrow oreting and the sssumed gterrationz, cone sise

gas slill ldnlling aculily,



TASLE I. Thresiwid anda of resclutfon far s grsiins iz sscends of arc
for photometricaliy equated et fislde 25 a ﬁmticn of puril diameter
and at four orientaiions of the test object, The lumimnm of the test
fiald was previously tdjnated o match & rsferanes fieid of constant
ivminance viewed by the other eye throush a 2-ca pupil.

b e e e e e e e e e —— ]

Threshold angle of resolution
(soconds oi are)

Rl

ence

Lumi-~ Pupil digmeter
Suo- neance Orien- ()

Jeet  (ml) tatdon 1.0 Yok 16 2,0 2,77 3486 LTS

L 100 H 65.6 h}oh 38-2 33. . 29.8 2701 ’57-7
v Qo6 LSl 39,0 33,1 29,2 29,0 29,¢
R il 47,0 L0.7  3LeS 324 3.9 32,4
L 65.6 L45.5 LO.9 3.2 N9 33.1 3.6
10 H 66,5 L6e8 LWl 3L.6  29.8  29.2 3.5
v €642 51,5 h2.7  3h.7 30,9 30,7  3l.7
& 67.5 bBes5 k349 37,2 33,5 3,5 2.1
L 6645 Slel  L346  37.1 334 33,4 3k.9
1.0 H 7he? SheT L%.1 39,3 38,0 3%2.1 L2.k
v TLE 552 kT W2 39 390 W2
2 17.6 5801 5003 h3ol‘, :1009 U-Lou 5308
L 71'6 517.1 1690)3 hoo.’ h009 kO. H hb06
0.1 ] €le3 5941 SL.0 Lh9,7 51.0 510 55,7
v 79.8 81, 561 k2.2 50,9 53.9 57.k
R 93,6  Cle9 65,7 57.5 528 57.8 59.2
L 79,6 65,8 5S7.8 52,2 50,6 53,9 58
0,00 H 113.8 99,6 91,0 92,1 83,8 88,7 101k
v 108,2 98,0 83.8 82,4 87.1 92,3 96,0
K 119.7 108.7 9he? 99,8 92,3 10L.0 199,k
L 111.2 101.0 8%.9 95.3 85.9 9.1 7.3
S 100 H 6506 215-0 3%.0 35.5 30,7 28,7 —
v 63¢0  LS.5  W0.2 3.0 29,7 27.7 —
R 65,0 Lé.5 L2133 35 0.5 —
L 6709 :3503 4i.0 3606 3‘05 33.3 —
0 H 66e2 45.6 h0.5  33.9 29.9 29.0 27,8
v 63.2 L6k WL.O  3hei 30,6 294 3Mb
R 6308 haoé hZoB 3706 35.3 .7 3605
L 66,2 L4785 L3.7 3GhL 33,7 321 3k
Oel ] B3sh 60,5 55,6 U492 LP.O N3 526
v T8k 8347 57.9 5343 k8.9 53.5 49,0
R 8.8 8.3 62,5 S5E.5 581 ALh  62.8
L 83k 6h6 62,2 97.% 55,1 58,0 60,6



TAPL” II. Thres'wlid angle of resslution in secends of arv: as 2 function
of pupil ddaseter for jratlice in which ohw widih of the opague bars is
one half, one Jourth, and onm eichth the distance between the conters of
ad'acent opague bars. The lest field lusinante hed previcusly been
matched to equal a refsrance lumimanos of 100 millidlamberis viewsc Yy
the obher eye thuough & 2= mpil. Yach value is the average of Lo
aaudty determinaticne in emch oi touwr meridizns for subject L, and of
four doterminations fox sabject O,

fe e e L e - o mma e — e

Threstnld anzle of reselution
{geronis of are)

Pupil dimeter

(w2}
Subleet  Oratdng 100 3¢k 1.6 240 2677 3,86  Lel5
L 2 £5.2 L7466 LAl 3he3 315 ek 305
L 6741 L33  LJeS  35.7 32,1 30,7 30,3
/8 69,3 B1eS  aliel 37,5 331 32,6 331

s 1/2 — LT.7 39k 332 29,7 2940 e
l/h ot bﬁ.? 23;‘).5 33.7 3’3.h 2‘%.' L

l/z - 50,0 k2,7 3547 32,2 3240 b



TLELE ITI. Threshsld angle oi yesolution ior a graiing test objlect

in soconds of arc for verious meridians at a teet field luminancte of

100 millilanbez4s and with & Le75 my diameter pupil. ill dats ave

for subject L and each represents the means of 11 threehold deterriinaticas,

Crdeztation of gruting Threshold angle of resolution
test object (ssoonds of are)

PBerress from vertical

1
t
&
Counterclackwise H
70 {-'n H 3001
6745 $ ."'l‘e
t
Ls (L) : 35.k
?E.f i 7“.’4
jortdeal - O (V) + 32
Clockwise .
4
2205 H 3303
50 (R) ;L2
a1.% 32,8
30,1

D
<Q
~
=~
~
4 6 G B0 S0 9 a0 W



FICURS LEGEHDS
Fize 1 log =isnal acuitiy as 2 funciion of log pwptl diaceter jor s
grating test cbject orientsd horisontally sud vertically ¢H and
oriented 45¢ to the right and left of vertical (X}, The lminance
ol the acuity test field was previcusly adjusted to mateh s referonce
f1eld of constant lﬁhme vizwed by the other eye throuzh a 2«-m
pupil, The luminance values of the reference field, ir sdiiilambarts,
are irdicated at the rizht of the curves, Circled points represent
avoraged data for both subjects; uncircizd poiats are for subjsct L.
The curves for the highesi luminance level have been shif'ted upwards

C.0 log units on the ordinate axis,

Fig. 2. Ilog visual sculty sz a fuoection of log pupil dismeter for
srating test objects with opaque ‘.v’re 1/2, 1/h, and /8B the distance
betuween the cemters of addachf: '--.. The luminance of the acuity
test field was previously matched with a 100 willilanbert refzrcnce

field viewed by the nthar aye thwoush 2 2= pupil.

Fize 3+ Loz visual accity as & functdon of the orientation of the
grating test object, The test field lwminance was 100 miliilamberts

and wes viewed throush a L,75 wm artificial pupil,
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